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1
SEMICONDUCTOR DEVICE
MANUFACTURING METHOD AND
SEMICONDUCTOR DEVICE

TECHNICAL FIELD

This invention relates to a method of manufacturing a
semiconductor device for use in, for example, the switching
of a large current or the like and a semiconductor device
manufactured by the method.

BACKGROUND ART

Patent Document 1 discloses the mounting of a semicon-
ductor element on a lead frame including a plurality of leads
(terminals) and dummy leads (dummy terminals). This lead
frame is set in a mold and then encapsulated in mold resin.

PRIOR ART
Patent Literature

Patent Literature 1: Japanese Patent Laid-Open No. 2006-
173649

SUMMARY OF INVENTION
Problems to be Solved by the Invention

A semiconductor device which handles a large current
includes main terminals through which a main current is
passed and signal terminals for transmitting control signals.
One end of each of these terminals is connected to a
semiconductor element inside the mold resin, and other end
thereof extends to the outside of the mold resin. A mold for
use in the formation of the mold resin needs to have a shape
appropriate for the arrangement of the terminals. Further,
since the arrangement of main terminals and signal terminals
varies depending on semiconductor device products, there
has been a problem that a mold is required for each semi-
conductor device product. Preparing different molds for
different semiconductor device products increases cost.
Moreover, since changing molds takes time, production
efficiency decreases.

The present invention has been made to solve the above-
described problems, and an object of the present invention
is to provide a semiconductor device manufacturing method
in which resin encapsulation can be performed on a plurality
of semiconductor device products using a single mold, and
a semiconductor device manufactured by the method.

Means for Solving the Problems

According to the present invention, there is provided a
semiconductor device manufacturing method including the
steps of fixing a semiconductor element to a substrate,
electrically connecting a signal terminal and a main terminal
of a terminal aggregate to the semiconductor element, the
terminal aggregate includes a frame portion, the signal
terminal connected to an inside of the frame portion, the
main terminal connected to the inside of the frame portion
to have a larger width than the signal terminal, and a dummy
terminal connected to the inside of the frame portion, and
forming a to-be-encapsulated body in which the substrate,
the semiconductor element, and the terminal aggregate are
integrated, mounting the to-be-encapsulated body on a lower
mold half such that a plurality of blocks formed in the lower
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2

mold half are meshed with the signal terminal, the main
terminal, and the dummy terminal with no space left ther-
ebetween, after the mounting step, placing a bottom surface
of an upper mold half on top surfaces of the plurality of
blocks, a top surface of the signal terminal, a top surface of
the main terminal, and a top surface of the dummy terminal
with no space left therebetween to form a cavity for placing
the substrate and the semiconductor element, and perform-
ing molding by injecting mold resin into the cavity.

According to the present invention, there is also provided
a semiconductor device including a substrate, a semicon-
ductor element fixed to the substrate, a signal terminal for
transmitting a signal for switching the semiconductor ele-
ment between on and off, a main terminal through which a
main current of the semiconductor element is passed, the
main terminal being formed to have a larger width than the
signal terminal, a dummy terminal not electrically connected
to the semiconductor element, and a mold resin covering the
semiconductor element and the substrate with portions of the
signal terminal, the main terminal, and the dummy terminal
being exposed to an outside.

Other features of the present invention will be clarified in
the following.

Advantageous Effect of Invention

This invention makes it possible to perform resin encap-
sulation on a plurality of semiconductor device products
having different terminal arrangements using a single mold.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a plan view of a semiconductor device according
to embodiment 1 of the present invention.

FIG. 2 is a plan view showing the inside of the mold resin
of FIG. 1.

FIG. 3 is a cross-sectional view of the semiconductor
device taken along line of FIG. 2.

FIG. 4 is a plan view showing that the semiconductor
elements have been fixed to the substrate.

FIG. 5 is a plan view of a terminal aggregate.

FIG. 6 is a plan view showing that the terminal aggregate
has been fixed to the substrate and the semiconductor
elements.

FIG. 7 is a perspective view of a lower mold half.

FIG. 8 is a plan view of the lower mold half.

FIG. 9 is a plan view of an upper mold half.

FIG. 10A is a cross-sectional view taken along line A-A'
of FIG. 8.

FIG. 10B is a cross-sectional view taken along line B-B'
of FIG. 8.

FIG. 10C is a cross-sectional view taken along line C-C'
of FIG. 8.

FIG. 10D is a cross-sectional view taken along line D-D'
of FIG. 8.

FIG. 11 is a cross-sectional view taken along line E-E' of
FIG. 8.

FIG. 12 is a plan view showing that the to-be-encapsu-
lated body has been mounted on the lower mold half.

FIG. 13 is an enlarged perspective view showing the part
of FIG. 12.

FIG. 14A is a cross-sectional view taken along line F-F'
of FIG. 12.

FIG. 14B is a cross-sectional view taken along line G-G'
of FIG. 12.

FIG. 14C is a cross-sectional view taken along line H-H'
of FIG. 12.
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FIG. 14D is a cross-sectional view taken along line I-I' of
FIG. 12.

FIG. 15 is a cross-sectional view taken along line J-I' of
FIG. 12.

FIG. 16 is a plan view of the to-be-encapsulated body
encapsulated in the mold resin.

FIG. 17 is perspective view of semiconductor device
whose terminal is bent.

FIG. 18 is a plan view showing a terminal aggregate.

FIG. 19 is a plan view showing that the terminal aggregate
has been fixed to the substrate and the semiconductor
elements.

FIG. 20 is a plan view of the to-be-encapsulated body
encapsulated in the mold.

FIG. 21 is a plan view of the semiconductor device after
cutting-off step.

FIG. 22 is a plan view of the semiconductor device.

FIG. 23 is a cross-sectional view of the semiconductor
device according to modified example.

FIG. 24 is a cross-sectional view of the semiconductor
device according to another modified example.

FIG. 25 is a plan view of the semiconductor device
according to embodiment 2 of the present invention.

FIG. 26 is a plan view of a semiconductor device accord-
ing to a modified example.

FIG. 27 is a plan view of a semiconductor device accord-
ing to embodiment 3 of the present invention.

FIG. 28 is a plan view of the semiconductor device
according to modified example.

FIG. 29 is a perspective view of a semiconductor device
according to embodiment 4 of the present invention.

FIG. 30 is a perspective view of a semiconductor device
according to a modified example.

FIG. 31 is a perspective view of a semiconductor device
according to embodiment 5 of the present invention.

FIG. 32 is a perspective view of a semiconductor device
according to a modified example.

FIG. 33 is a perspective view of a semiconductor device
according to another modified example.

FIG. 34 is a perspective view of a semiconductor device
according to embodiment 6 of the present invention.

FIG. 35 is a plan view of a semiconductor device accord-
ing to embodiment 7 of the present invention.

FIG. 36 is a perspective view of a semiconductor device
according to modified example.

FIG. 37 is a plan view of a semiconductor device accord-
ing to embodiment 8 of the present invention.

FIG. 38 is a perspective view showing part of a lower
mold half used in embodiment 8 of the present invention.

FIG. 39 is a plan view of a semiconductor device accord-
ing to modified example.

FIG. 40 is a perspective view of a semiconductor device
according to embodiment 9 of the present invention.

FIG. 41 is a perspective view of a semiconductor device
according to modified example.

FIG. 42 is a plan view of a semiconductor device accord-
ing to embodiment 10 of the present invention.

FIG. 43 is a plan view of a semiconductor device accord-
ing to embodiment 11 of the present invention.

FIG. 44 is a plan view of a semiconductor device accord-
ing to embodiment 12 of the present invention.

FIG. 45 is a plan view of a semiconductor device accord-
ing to embodiment 13 of the present invention.

FIG. 46 is a plan view of a semiconductor device accord-
ing to modified example.

FIG. 47 is a perspective view of a semiconductor device
according to embodiment 14 of the present invention.
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4
DESCRIPTION OF THE EMBODIMENTS

Semiconductor device manufacturing methods and semi-
conductor devices according to embodiments of the present
invention will be described with reference to the drawings.
The same or corresponding components will be denoted by
the same reference signs, and the repetition of explanation
thereof may be omitted.

Embodiment 1

FIG. 1 is a plan view of a semiconductor device 10
according to embodiment 1 of the present invention. The
semiconductor device 10 includes a mold resin 11. The mold
resin 11 has a rectangular shape in planar view. Terminals T1
to T9 are exposed to an outside from an upper side of the
mold resin 11. Terminals R1 to R18 are exposed to the
outside from a right side of the mold resin 11. Terminals [.1
to .18 are exposed to the outside from a left side of the mold
resin 11. Terminals B1 to B8 are exposed to the outside from
a lower side of the mold resin 11. In this way, terminals are
exposed to the outside from all side surfaces of the mold
resin 11.

FIG. 2 is a plan view showing the inside of the mold resin
11 of FIG. 1. In FIG. 2, part of the mold resin 11 is omitted
in order to show the inside of the mold resin 11. In
subsequent drawings, part of the mold resin 11 may also be
omitted as in FIG. 2. A substrate 12 which functions as a heat
sink exists inside the mold resin 11. The substrate 12 is
formed of a conductive material such as metal. Semicon-
ductor elements 14 and 16 are fixed to the substrate 12. The
semiconductor element 14 is an IGBT chip having gates 14a
and emitters 145 on a front surface thereof and having a
collector connected to the substrate 12 on a back surface
thereof. The semiconductor element 16 is a diode chip
having an anode 16a on a front surface thereof and having
a cathode connected to the substrate 12 on a back surface
thereof. The semiconductor elements 14 and 16 and the
substrate 12 are covered with the mold resin 11 and therefore
located in a center of the semiconductor device 10.

The terminals T2 and B5 are main terminals through
which main currents of the semiconductor elements 14 and
16 are passed. The main terminal T2 is fixed to the substrate
12 with, for example, a solder. The main terminal T2 is
connected to the collector of the semiconductor element 14
and the cathode of the semiconductor element 16 through
the substrate 12. The main terminal B5 is fixed to the
emitters 145 and the anode 164 with, for example, a solder.

The terminals T4, T5, T6, and T7 are signal terminals for
transmitting signals for switching the semiconductor ele-
ment 14 between on and off. The signal terminals T4, T5, T6,
and T7 are connected to the gates 14a with metal wires 50.

The terminals T1, T3, T8, T9, R1 to R18, L1 to L18, B1
to B4, and B6 to B8 are dummy terminals which are not
electrically connected to the semiconductor elements 14 and
16. The main terminals, the signal terminals, and the dummy
terminals are partially exposed to the outside from the mold
resin 11. The main terminals T2 and B5 are formed to have
larger widths than the signal terminals and the dummy
terminals. The main terminal T2 has three openings formed
therein. The main terminal B5 has four openings formed
therein. The widths of the signal terminals and the dummy
terminals are equal.

FIG. 3 is a cross-sectional view of the semiconductor
device 10 taken along line of FIG. 2. The collector 14¢ of the
semiconductor element 14 is fixed to the substrate 12 with
solder 60. The emitters 144 are fixed to the main terminal B5
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with solder 62. The cathode 166 of the semiconductor
element 16 is fixed to the substrate 12 with solder 64. The
anode 16q is fixed to the main terminal B5 with solder 66.
It should be noted that an electrically conductive adhesive
may be used instead of a solder to fix these.

Part (back surface) of the substrate 12 is exposed to the
outside from the mold resin 11. It should be noted that a
ceramic substrate may be provided between the substrate 12
and the semiconductor element 14 and between the substrate
12 and the semiconductor element 16.

A method of manufacturing the semiconductor device 10
according to embodiment 1 of the present invention will be
described. First, the semiconductor elements 14 and 16 are
fixed to the substrate 12 using a solder. FIG. 4 is a plan view
showing that the semiconductor elements 14 and 16 have
been fixed to the substrate 12. Then, a terminal aggregate is
fixed to the substrate 12 and the semiconductor elements 14
and 16. FIG. 5 is a plan view of a terminal aggregate 70. The
terminal aggregate 70 includes a frame portion 72. The main
terminals T2 and BS, the signal terminals T4 to T7, and the
dummy terminals T1, T3, T8, T9, R1 to R18, [.1 to L.18, B1
to B4, and B6 to B8 are connected to the inside of the frame
portion 72.

FIG. 6 is a plan view showing that the terminal aggregate
70 has been fixed to the substrate 12 and the semiconductor
elements 14 and 16. In this step, the signal terminals T4 to
T7 are connected to the gates 14a with the metal wires 50.
Further, with a solder, the main terminal T2 is connected to
the substrate 12, and the main terminal B5 is connected to
the emitters 145 and the anode 16a. The signal terminals T4
to T7 and the main terminals T2 and B5 are electrically
connected to the semiconductor elements 14 and 16 in this
way to form a to-be-encapsulated body 74 in which the
substrate 12, the semiconductor elements 14 and 16, and the
terminal aggregate 70 are integrated.

Next, a lower mold half will be described. FIG. 7 is a
perspective view of a lower mold half 100. The lower mold
half 100 has a first surface 102, a second surface 104 which
is a surface one-step lower than the first surface 102, and a
third surface 106 which is a surface one-step lower than the
second surface 104. The second surface 104 is formed to
surround the third surface 106. The first surface 102 is
formed to surround the second surface 104.

The boundary between the second surface 104 and the
third surface 106 is a rectangle in planar view. A plurality of
blocks are formed along the boundary on the second surface
104. Specifically, the second surface 104 has blocks TB1 to
TB11, blocks RB1 to RB17, blocks LB1 to LB17, and
blocks BB1 to BB11 respectively formed thereon along
sides of the rectangle of the boundary between the second
surface 104 and the third surface 106. Moreover, blocks CB1
to CB4 are formed to be adjacent to corners of the rectan-
gular boundary. All inter-block spaces (inter-block space
means a space between a block and another block adjacent
to the foregoing block) are equal.

The blocks TB1 to TB11, the blocks RB1 to RB17, the
blocks LB1 to LB17, the blocks BB1 to BB11, and the
blocks CB1 to CB4 may be collectively referred to as a
“plurality of blocks.” Top surfaces of the plurality of blocks
and the first surface 102 are surfaces at the same height.

FIG. 8 is a plan view of the lower mold half 100. FIG. 9
is a plan view of an upper mold half 150. The upper mold
half 150 has a first surface 152 and a second surface 154
which is a surface one-step lower than the first surface 152.
The shape and the area of the second surface 154 are equal
to those of the third surface 106 of the lower mold half 100.
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FIG. 10 includes cross-sectional views showing the lower
mold half 100 and the upper mold half 150 placed on top of
each other and clamped together. FIG. 10A is a cross-
sectional view taken along line A-A' of FIG. 8. There is a gap
between the second surface 104 of the lower mold half 100
and the upper mold half 150. FIG. 10B is a cross-sectional
view taken along line B-B' of FIG. 8. Since there are the
blocks C1, LB, and C2, gaps 160 in the form of comb tooth
are formed between the lower mold half 100 and the upper
mold half 150.

FIG. 10C is a cross-sectional view taken along line C-C'
of FIG. 8. Line C-C' is a line passing through blocks. A
cavity 170 is formed between the third surface 106 of the
lower mold half 100 and the second surface 154 of the upper
mold half 150. FIG. 10D is a cross-sectional view taken
along line D-D' of FIG. 8. Line D-D' is a line not passing
through blocks. Inter-block spaces 162 are continuous with
the cavity 170 between the third surface 106 of the lower
mold half 100 and the second surface 154 of the upper mold
half 150.

FIG. 11 is a cross-sectional view taken along line E-E' of
FIG. 8. Line E-E' is a line not passing through blocks.
Inter-block spaces 164 are continuous with the cavity 170
between the third surface 106 of the lower mold half 100 and
the second surface 154 of the upper mold half 150. It should
be noted that in FIGS. 10 and 11, the lower mold half 100
and the upper mold half 150 are hatched for convenience of
explanation.

The to-be-encapsulated body 74 is mounted on the above-
described lower mold half 100. This step is referred to as a
mounting step. FIG. 12 is a plan view showing that the
to-be-encapsulated body 74 has been mounted on the lower
mold half 100. In the mounting step, the to-be-encapsulated
body 74 is mounted on the lower mold half 100 to mesh a
plurality of blocks formed in the lower mold half 100 with
the main terminals, the signal terminals, and the dummy
terminals with no space left therebetween. FIG. 13 is an
enlarged perspective view showing the blocks TB, C1, and
C4 and the terminals T of FIG. 12. The three blocks TB2 to
TB4 are placed in the three openings of the main terminal
T2.

In this way, every inter-block space of the lower mold half
100 is filled with a main terminal, a signal terminal, or a
dummy terminal of the terminal aggregate 70. For example,
eight out of the 12 inter-block spaces formed by the blocks
C1, TB, and C4 are filled with the terminals T1 and T3 to T9,
and four are filled with the main terminal T2. The reason
why the main terminal T2 can fill four inter-block spaces is
that the blocks TB2 to TB4 are placed in the three openings
of the main terminal T2.

The 18 inter-block spaces formed by the blocks C4, RB,
and C3 are filled with the terminals R1 to R18. The 18
inter-block spaces formed by the blocks C1, LB, and C2 are
filled with the terminals L1 to L18. Seven out of the 12
inter-block spaces formed by the blocks C2, B, and C3 are
filled with the terminals B1 to B4 and B6 to B8, and five are
filled with the terminal B5. The reason why the main
terminal B5 can fill five inter-block spaces is that the blocks
BB5 to BB8 are placed in the four openings of the main
terminal BS.

After the mounting step, top surfaces of the main termi-
nals, the signal terminals, and the dummy terminals, top
surfaces of the plurality of blocks, and the first surface 102
become surfaces at the same height. The top surfaces of the
main terminals, the signal terminals, and the dummy termi-
nals, the top surfaces of the plurality of blocks, and the first
surface 102 are generically referred to as contact surfaces.



US 9,472,538 B2

7

Subsequently, the lower mold half 100 and the upper mold
half 150 are clamped together. This step is referred to as a
mold clamping step. In the mold clamping step, the first
surface 152 of the upper mold half 150 is brought into
contact with the contact surfaces. FIG. 14 is a cross-
sectional view showing the to-be-encapsulated body 74, the
lower mold half 100, and the upper mold half 150 after mold
clamping. FIG. 14A is a cross-sectional view taken along
line F-F' of FIG. 12. The terminals L are in the gaps between
the second surface 104 of the lower mold half 100 and the
upper mold half 150. FIG. 14B is a cross-sectional view
taken along line G-G' of FIG. 12. Line G-G' is a line passing
through the blocks LB. The inter-block spaces are filled with
the terminals L.

FIG. 14C is a cross-sectional view taken along line H-H'
of FIG. 12. Line H-H' is a line passing through blocks. The
substrate 12, the semiconductor elements 14 and 16, and the
like are placed in the cavity 170. FIG. 14D is a cross-
sectional view taken along line I-I' of FIG. 12. Line I-I'is a
line not passing through blocks. The inter-block spaces
(inter-block spaces 162 in FIG. 10D) are filled with the
terminals T5 and B5.

FIG. 15 is a cross-sectional view taken along line J-I' of
FIG. 12. Line J-I' is a line not passing through blocks. The
inter-block spaces (inter-block spaces 164 in FIG. 11) are
filled with the terminals 1.14 and R14. In the mold clamping
step, a bottom surface (first surface 152) of the upper mold
half 150 is placed on the top surfaces of the plurality of
blocks, the top surfaces of the main terminals, the top
surfaces of the signal terminals, and the top surfaces of the
dummy terminals with no space left therebetween to form
the cavity 170.

Subsequently, mold resin is injected into the cavity 170.
This step is referred to as a molding step. After the molding
step, the to-be-encapsulated body 74 encapsulated in mold
resin is taken out of the mold. FIG. 16 is a plan view of the
to-be-encapsulated body 74 encapsulated in the mold resin
11. In FIG. 16, part of the mold resin 11 is omitted so that
the inside of the mold resin 11 can be seen. Every terminal
includes a portion covered with the mold resin 11 and a
portion extending outside the mold resin 11.

Subsequently, the frame portion is cut off from the main
terminals, the signal terminals, and the dummy terminals.
This step is referred to as a cutting-off step. The semicon-
ductor device 10 shown in FIGS. 1 and 2 is completed by
cutting the frame portion 72 of FIG. 16 off. It should be
noted that terminals may be appropriately bent as shown in
FIG. 17.

The present invention makes it possible to perform resin
encapsulation on a plurality of semiconductor device prod-
ucts having different terminal arrangements using a single
mold (including the lower mold half 100 and the upper mold
half 150). The encapsulation of a semiconductor device
having a terminal arrangement different from that of the
semiconductor device 10 in resin using the lower mold half
100 and the upper mold half 150 will be described. FIG. 18
is a plan view showing a terminal aggregate 180 having a
terminal arrangement different from that of the terminal
aggregate 70 of FIG. 5. Terminals T, R, [, and B are
connected to the inside of a frame portion 182.

The terminals T2, R6, L11, and B5 are main terminals.
The main terminal T2 has three openings formed therein.
The main terminal R6 has three openings formed therein.
The main terminal BS has four openings formed therein. The
main terminal R6 and the main terminal B5 are connected to
constitute a single main terminal. The main terminal L.11 has
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three openings formed therein. The terminals T5 to T7 and
L5 are signal terminals. The other terminals are dummy
terminals.

FIG. 19 is a plan view showing that the terminal aggregate
180 has been fixed to the substrate 12 and the semiconductor
elements 14 and 16. The to-be-encapsulated body 184 is
completed by fixing the terminal aggregate 180 to the
semiconductor elements 14 and 16. After that, the mounting
step is carried out. In the mounting step, the to-be-encap-
sulated body 184 is mounted on the lower mold half 100 to
mesh the plurality of blocks formed in the lower mold half
100 with the main terminals, the signal terminals, and the
dummy terminals with no space left therebetween.

In this way, every inter-block space of the lower mold half
100 is filled with a main terminal, a signal terminal, or a
dummy terminal of the terminal aggregate 180. After that,
the mold clamping step and the molding step are carried out
to obtain a structure shown in FIG. 20. Finally, the cutting-
off step is carried out to complete a semiconductor device of
FIG. 21.

The arrangements of main terminals and signal terminals
are different between the terminal aggregate 70 of FIG. 5 and
the terminal aggregate 180 of FIG. 18. However, the termi-
nal arrangements of the terminal aggregate 70 and the
terminal aggregate 180 are made equal to each other by
forming dummy terminals in the terminal aggregates 70 and
180. Accordingly, these can be mounted on the same lower
mold half 100.

Of course, a terminal aggregate having main terminals
and signal terminals at positions different from those of the
terminal aggregates 70 and 180 can also be mounted on the
lower mold half 100 by adding dummy terminals such that
terminals fill all the inter-block spaces of the lower mold half
100. Accordingly, resin encapsulation can be performed on
a plurality of semiconductor device products using a single
mold only by changing the terminal arrangement of a
terminal aggregate.

For example, a semiconductor device shown in FIG. 22 is
a semiconductor device encapsulated in resin using the
lower mold half 100 and the upper mold half 150. A main
terminal T1 having five openings fill six inter-block spaces
in the mounting step. Meanwhile, a main terminal B4 having
six openings fill seven inter-block spaces in the mounting
step. Increasing the widths of the main terminals in this way
can reduce the current densities in the main terminals.

Each main terminal according to embodiment 1 of the
present invention has openings, and at least one of the
plurality of blocks is placed in the openings in the mounting
step. Forming openings in main terminals makes it possible
to increase the widths of the main terminals while sharing a
mold among a plurality of products. This makes it possible
to manufacture, for example, a semiconductor device in
which main currents of not less than several tens to several
hundreds of amperes are passed through main terminals.
Further, a terminal arrangement can be changed as desired as
long as main terminals, signal terminals, and dummy ter-
minals are provided so as to fill all the inter-block spaces.

Various modifications can be made to the semiconductor
device manufacturing method and the semiconductor device
according to embodiment 1 of the present invention without
departing from the scope of the present invention. For
example, various modifications can be made to the struc-
tures on the back surface sides of the semiconductor ele-
ments 14 and 16. FIGS. 23 and 24 are cross-sectional views
of semiconductor devices according to modified examples.
FIG. 23 discloses a semiconductor device in which a metal
film 192 is formed on the back surface of the substrate 12
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with an insulating sheet 190 interposed therebetween. FIG.
24 discloses a semiconductor device in which metal films
196 and 198 are formed on both surfaces of an insulating
substrate 194. Although an IGBT chip and a diode chip are
used as semiconductor elements in embodiment 1 of the
present invention, a semiconductor element, e.g., a MOS-
FET chip or the like, may be used. It should be noted that
these modifications can also be applied to semiconductor
device manufacturing methods and semiconductor devices
according to the following embodiments.

The description of semiconductor device manufacturing
methods and semiconductor devices according to the fol-
lowing embodiments focuses on differences from embodi-
ment 1.

Embodiment 2

FIG. 25 is a plan view showing the inside of the mold
resin 11 of a semiconductor device according to embodiment
2 of the present invention. A control IC 200 for controlling
the semiconductor element 14 is formed inside the mold
resin 11. The control IC 200 is fixed to a substrate 202.
Signal terminals T2 to T12, L3, and [.4 are connected to the
control IC 200 with metal wires. The control IC 200 is
connected to the gates 14a with metal wires.

Terminal B5, B7, and R18 are main terminals. The main
terminal B5 has four openings formed therein. The main
terminals B7 and R18 are connected to each other. The main
terminals B7 and R18 have two openings formed therein. In
the mounting step, a block BB11 is placed in a left-side
opening of the main terminals B7 and R18, and a block C3
is placed in a right-side opening thereof. Terminals T1, R1
to R17, L1, L.2, L5 to L18, B1 to B4, and B6 are dummy
terminals.

The semiconductor device according to embodiment 2 of
the present invention can be manufactured by the same
process of the semiconductor device manufacturing method
of embodiment 1. Specifically, in the mounting step, every
inter-block space of the lower mold half 100 is filled with a
main terminal, a signal terminal, or a dummy terminal
described above. Accordingly, the lower mold half 100 and
the upper mold half 150 explained in embodiment 1 can be
used.

FIG. 26 is a plan view of a semiconductor device accord-
ing to a modified example. A gate resistor 210 connecting
the control IC 200 and the semiconductor element 14 is
provided inside the mold resin 11. The gate resistor 210 is
formed in a portion of the signal terminal R4. The gate
resistor 210 is formed between the control IC 200 and the
semiconductor element 14. One gate 14a is connected to the
control IC 200 through the gate resistor 210 with metal
wires.

Providing the signal terminal R4 and the gate resistor 210
facilitates the evaluation of the semiconductor device. Spe-
cifically, the gate resistance can be adjusted by changing
specifications of the gate resistor 210. Moreover, a gate
signal can be directly inputted from the signal terminal R4
to the gate 14a. It should be noted that a part such as a
thermistor may be attached to a terminal to evaluate the
semiconductor device.

Embodiment 3

FIG. 27 is a plan view showing the inside of the mold
resin 11 of a semiconductor device according to embodiment
3 of the present invention. The emitters 145 are connected to
the anode 16a with metal wires 220. The anode 16a is
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connected to the main terminal B5 with metal wires 222. In
the semiconductor device according to embodiment 3 of the
present invention, terminals and semiconductor elements
can be electrically connected with metal wires.

FIG. 28 is a plan view of a semiconductor device accord-
ing to a modified example. The signal terminals T3 to T6 are
connected to the gates 14a with four relay terminals 224.
The four relay terminals 224 are connected to the terminals
T3 to T6 and the gates 14a, for example, by ultrasonic
bonding or with an electrically conductive adhesive.

Embodiment 4

FIG. 29 is a perspective view of a semiconductor device
according to embodiment 4 of the present invention. An
external substrate 230 is disposed outside the mold resin 11.
Dummy terminals T1 to T16, R13, and [.13 pass through the
external substrate 230 and are fixed to the external substrate
230 by brazing or welding. The external substrate 230 is, for
example, a control board or a radiator fin.

The semiconductor device of FIG. 29 can be manufac-
tured by carrying out after the cutting-off step a fixing step
of fixing the dummy terminals T1 to T16, R13, and [.13 to
the external substrate 230. In this way, the use of the dummy
terminals for connection with the external substrate 230
makes it possible to omit members for connecting these.
FIG. 30 is a perspective view of a semiconductor device
according to a modified example. An external substrate 232
is disposed below the mold resin 11. Dummy terminals R1,
R9, and L9 pass through the external substrate 232 and are
fixed to the external substrate 232.

Embodiment 5

FIG. 31 is a perspective view of a semiconductor device
according to embodiment 5 of the present invention. A
plurality of dummy terminals have plate-shaped portions R
and L outside the mold resin 11. The plate-shaped portion R
is formed such that all the dummy terminals exposed from
a right side surface of the mold resin 11 are united. The
plate-shaped portion L is formed such that all the dummy
terminals exposed from a left side surface of the mold resin
11 are united.

The plate-shaped portions R and [ and the external
substrate 240 have through-holes Ra and La formed therein.
Bolts and nuts are fastened from above and below the
through-holes Ra and La to fix the plate-shaped portions R
and L to the external substrate 240. This semiconductor
device can be manufactured by carrying out after the cut-
ting-off step a fixing step of fixing the plate-shaped portions
R and L to the external substrate 240. In this way, dummy
terminals formed in the shape of a plate can be used for
connection with the external substrate 240.

FIG. 32 is a perspective view of a semiconductor device
according to a modified example. The plate-shaped portion
R is fixed to an external substrate 244 with adhesive 242.
The plate-shaped portion L is fixed to the external substrate
244 with adhesive 246. Grease may be used instead of an
adhesive. The plate-shaped portions R and L of FIGS. 31 and
32 are used for connection with the external substrate and
function as radiator fins at the same time. It should be noted
that not only dummy terminals but also main terminals or
signal terminals may be formed in the shape of a radiator fin.

FIG. 33 is a perspective view of a semiconductor device
according to another modified example. Dummy terminals
exposed from a right side surface of the mold resin 11 have
a press-fit terminal 250 connected to the plate-shaped por-
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tion R. Dummy terminals exposed from a left side surface of
the mold resin 11 have a press-fit terminal 252 connected to
the plate-shaped portion L. The press-fit terminals 250 and
252 are inserted into openings 254a and 2545 of the external
substrate 254 to be connected to the external substrate 254
by press fitting. In this way, providing dummy terminals
with the press-fit terminal 250 and 252 facilitates connection
with the external substrate 254.

Embodiment 6

FIG. 34 is a perspective view of a semiconductor device
according to embodiment 6 of the present invention. This
semiconductor device has a feature in which a plurality of
dummy terminals form plate springs outside the mold resin.
All the dummy terminals exposed from a right side surface
of the mold resin 11 are united to form a plate spring R. All
the dummy terminals exposed from a left side surface of the
mold resin 11 are united to form a plate spring L.

A method of manufacturing this semiconductor device
will be described. Dummy terminals of the semiconductor
device have plate-shaped portions outside the mold resin.
After the cutting-off step, a step of bending the plate-shaped
portions to form the plate-shaped portions into the plate
springs R and L is carried out. The plate springs R and L.
enables a certain load to be applied when the semiconductor
device is attached to an external substrate such as a radiator
fin, and can improve the mountability of the semiconductor
device. It should be noted that disc springs may be formed
instead of the plate springs.

Embodiment 7

FIG. 35 is a plan view of a semiconductor device accord-
ing to embodiment 7 of the present invention. Bushes 270,
272, 274, and 276 are formed on portions of dummy
terminals R1, R18, [.1, and [.18, respectively. The bushes
270, 272, 274, and 276 form four through-holes passing
through the semiconductor device in the vertical direction.
The bushes 270, 272, 274, and 276 are parts for fitting the
semiconductor device into shafts, cylindrical members, or
the like.

FIG. 36 is a perspective view of a semiconductor device
according to a modified example. The bushes 280, 282, 284,
and 286 respectively formed on portions of the dummy
terminals R1,R13, L1, and L.13 are located on the mold resin
11. Specifically, the bushes may be formed in the mold resin
or may be formed outside the mold resin.

Embodiment 8

FIG. 37 is a plan view of a semiconductor device accord-
ing to embodiment 8 of the present invention. Main termi-
nals T2 and B5 have no openings. Accordingly, among
inter-block spaces of a lower mold half, the widths of the
inter-block spaces in which the main terminals T2 and T5 are
placed need to be larger than the width of the inter-block
space in which a signal terminal or a dummy terminal is
placed. Thus, the semiconductor devices according to
embodiments 1 to 7 can be manufactured using a single
mold (including the lower mold half 100 and the upper mold
half 150), but the semiconductor device according to
embodiment 8 needs to be manufactured using a mold
different from the foregoing mold.

FIG. 38 is a perspective view showing part of a lower
mold half used in embodiment 8 of the present invention.
The width of the inter-block space between the block TB1
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and the block TB2 is formed larger than the widths of other
inter-block spaces. In the mounting step, the main terminal
T2 of a terminal aggregate 290 is placed in the inter-block
space between the block TB1 and the block TB2.

In the semiconductor device according to embodiment 8
of the present invention, wide widths can be maintained over
the entire main terminals because the main terminals T2 and
B5 have no openings. Accordingly, the current densities in
the main terminals T2 and B5 can be reduced. Using the
mold used in embodiment 8 of the present invention, a
semiconductor device of a different product having a termi-
nal arrangement different from the terminal arrangement of
the semiconductor device of FIG. 37 can be manufactured.
In that case, the positions of main terminals may be made
equal to the positions of the main terminals T2 and BS of
FIG. 37. Alternatively, main terminals having openings of
embodiment 1 may be employed, and dummy terminals
having large widths may be provided at the positions of the
main terminals T2 and B5 of FIG. 37.

FIG. 39 is a plan view of a semiconductor device accord-
ing to a modified example. This semiconductor device
includes the following dummy terminals: first dummy ter-
minals R1 to R3, R5, R6, R8, R9, R11, R12, .1 to L3, L5,
L6,1.8,1.9, 111, 12, and B1; and second dummy terminals
T1,T7,R4,R7,R10, LA, L7, 110, B2, and B4 having larger
widths than the first dummy terminals.

In the mounting step, the first dummy terminals are placed
in inter-block spaces having small widths, and the second
dummy terminals are placed in inter-block spaces having
large widths. Main terminals having large widths and no
openings can be provided by forming main terminals in
portions in which second dummy terminals are formed. For
example, a plurality of products are dealt with by replacing
a larger number of second dummy terminals by main ter-
minals in a product having a higher current capacity. It
should be noted that though the main terminals T2 and B3
of'the semiconductor device of FIG. 39 have openings, these
may be main terminals having no openings.

Embodiment 9

FIG. 40 is a perspective view of a semiconductor device
according to embodiment 9 of the present invention. A
terminal 300 is exposed to the outside from a top surface of
the mold resin 11. The terminal 300 is a main terminal, a
signal terminal, or a dummy terminal. To provide the ter-
minal 300, a hole corresponding to the terminal 300 is
formed in the second surface 154 of the upper mold half. It
should be noted that the terminal 300 may be exposed to the
outside from a bottom surface of the mold resin 11.

In this way, terminals may be taken out from any surface
of the mold resin 11. FIG. 41 is a perspective view of a
semiconductor device according to a modified example. In
this semiconductor device, terminals are taken out from only
two side surfaces of the mold resin 11.

Embodiment 10

FIG. 42 is a plan view of a semiconductor device accord-
ing to embodiment 10 of the present invention. The main
terminal B3 has openings, and the width of the main
terminal B3 is maximum at a portion in which the openings
are formed. Specifically, the width X1 of the portion of the
main terminal B3 in which the openings are formed is larger
than the width X2 of a portion thereof in which the openings
are not formed. In the semiconductor device according to
embodiment 10 of the present invention, since the portion of
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the main terminal B3 in which the openings are formed has
a larger width than the portion thereof in which the openings
are not formed, the current density is prevented from
increasing in the portion in which the openings are formed.

Embodiment 11

FIG. 43 is a plan view of a semiconductor device accord-
ing to embodiment 11 of the present invention. A substrate
310 includes an additional main terminal 310a and a body
portion 3106 connected to the additional main terminal
310a. The additional main terminal 310a is exposed to the
outside from a side surface of the mold resin 11. The
semiconductor elements 14 and 16 are fixed to the body
portion 3105. The additional main terminal 310a functions
as a main terminal.

The additional main terminal 310a¢ has three openings
formed therein. In the mounting step, blocks are placed in
the openings. Further, in the mounting step, the additional
main terminal 310q fills four inter-block spaces. In this way,
connecting the main terminal and the substrate can be
omitted by forming the additional main terminal 310«
functioning as a main terminal in a portion of the substrate
310.

It should be noted that the additional main terminal 310a
does not have to be provided with openings. In that case, the
additional main terminal fills an inter-block space formed to
have a large width. Regardless of whether the additional
main terminal has openings or not, the additional main
terminal fills at least one inter-block space in the mounting
step.

Embodiment 12

FIG. 44 is a plan view of a semiconductor device accord-
ing to embodiment 12 of the present invention. This semi-
conductor device includes the following main terminals: a
first terminal B3 connected to front surface electrodes (emit-
ter 145 and anode 16a) of the semiconductor elements 14
and 16; and second terminals B5 and R17 electrically
connected to back surface electrodes (collector and cathode)
of the semiconductor elements 14 and 16. Further, a capaci-
tor 320 connects the first terminal B3 with the second
terminals B5 and R17 outside the mold resin 11. The
capacitor 320 provides protection against a surge between
p-region and n-region.

Embodiment 13

FIG. 45 is a plan view of a semiconductor device accord-
ing to embodiment 13 of the present invention. This semi-
conductor device is a 6-in-1 IGBT module including an
inverter bridge with six arms. Three upper arms are formed
on a substrate 400. A lower arm is formed on each of the
substrates 402, 404, and 406.

FIG. 46 is a plan view of a semiconductor device accord-
ing to a modified example. This semiconductor device is a
2-in-1 IGBT module including an inverter bridge with two
arms. The semiconductor device of FIG. 45 and the semi-
conductor device of FIG. 46 can be manufactured using the
same mold.

Embodiment 14

FIG. 47 is a perspective view of a semiconductor device
according to embodiment 14 of the present invention. The
mold resin 11 has an installation through-hole 11a used for
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screwing or the like. Providing the installation through-hole
11a makes it possible to easily connect the semiconductor
device to the outside. It should be noted that features of the
semiconductor device manufacturing methods and the semi-
conductor devices according to the above-described
embodiments 1 to 14 may be appropriately combined.

DESCRIPTION OF SYMBOLS

10 semiconductor device, 11 mold resin, T1-T9,R1-R18,
L1-L18,B1-B8 terminal, 12 substrate, 14,16 semiconductor
element, 14a gate, 145 emitter, 14¢ collector, 16a anode, 165
cathode, 50 metal wire, 70,180,290 terminal aggregate,
72,182 frame portion, 74,184 to-be-encapsulated body, 100
lower mold half, 102 first surface, 104 second surface, 106
third surface, TB1-TB11,RB1-RB17,LB1-LB17,BB1-
BB11,C1-C4 block, 150 upper mold half, 152 first surface,
154 second surface, 160 gap, 162,164 inter-block space, 170
cavity, 200 control IC, 202 substrate, 210 gate resistor,
220,222 metal wire, 224 relay terminal, R,[ terminal, 230,
232,240,244,254 external substrate, 250,252 press-fit termi-
nal, 270,272,274,276,280,282,284,286 bush, 310 substrate,
310a additional main terminal, 3106 body portion, 320
capacitor.

The invention claimed is:

1. A semiconductor device manufacturing method com-
prising the steps of:

fixing a semiconductor element to a substrate;

electrically connecting a signal terminal and a main

terminal of a terminal aggregate to the semiconductor
element, the terminal aggregate comprising a frame
portion, the signal terminal connected to an inside of
the frame portion, and the main terminal having a larger
width than the signal terminal connected to the inside
of the frame portion and having an opening formed
therein, and forming a to-be-encapsulated body in
which the substrate, the semiconductor element, and
the terminal aggregate are integrated;

mounting step for mounting the to-be-encapsulated body

on a lower mold half such that a plurality of blocks
formed in the lower mold half are meshed with the
signal terminal and the main terminal with no space left
therebetween, with at least one of the plurality of
blocks being placed in the opening formed in the main
terminal;

after the mounting step, placing a bottom surface of an

upper mold half on top surfaces of the plurality of
blocks, a top surface of the signal terminal, and a top
surface of the main terminal with no space left ther-
ebetween to form a cavity for placing the substrate and
the semiconductor element; and

molding step for performing molding by injecting mold

resin into the cavity.

2. The semiconductor device manufacturing method
according to claim 1, further the terminal aggregate com-
prises, as part thereof, a dummy terminal connected to the
inside of the frame portion.

3. The semiconductor device manufacturing method
according to claim 1, wherein a width of a portion of the
main terminal in which the opening is formed is larger than
a width of a portion thereof in which the opening is not
formed.

4. The semiconductor device manufacturing method
according to claim 1, wherein
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the substrate is formed of a conductive material,

the substrate comprises an additional main terminal and a
body portion connected to the additional main terminal,
the body portion having the semiconductor element
fixed thereto,

in the mounting step, the additional main terminal fills at
least one of inter-block spaces formed by the plurality
of blocks, and

the additional main terminal is exposed to an outside from
a side surface of the mold resin.

5. The semiconductor device manufacturing method
according to claim 1, further comprising, after the molding
step, cutting off step of cutting the frame portion off from the
signal terminal and the main terminal.

6. A semiconductor device comprising:

a substrate;

a semiconductor element fixed to the substrate;

a signal terminal for transmitting a signal for switching

the semiconductor element between on and off;

a main terminal through which a main current of the
semiconductor element is passed, the main terminal
being formed to have a larger width than the signal
terminal; and

a mold resin covering the semiconductor element and the
substrate with portions of the signal terminal and the
main terminal being exposed to an outside,

wherein the main terminal has an opening outside the
mold resin.

7. The semiconductor device according to claim 6,
wherein terminals of the semiconductor device include the
signal terminal, the main terminal, and a dummy terminal
not electrically connected to the semiconductor element.

8. The semiconductor device according to claim 6, further
comprising a control IC for controlling the semiconductor
element inside the mold resin.

9. The semiconductor device according to claim 8, further
comprising a gate resistor connecting the control IC and the
semiconductor element inside the mold resin.

10. The semiconductor device according to claim 7,
further comprising an external substrate disposed outside the
mold resin and fixed to the dummy terminal.

11. The semiconductor device according to claim 10,
wherein the dummy terminal passes through the external
substrate to be fixed to the external substrate.

12. The semiconductor device according to claim 10,
wherein

the dummy terminal comprises a plate-shaped portion
outside the mold resin, and

the plate-shaped portion is fixed to the external substrate.

13. The semiconductor device according to claim 10,
wherein

the dummy terminal comprises a press-fit terminal, and

the press-fit terminal is inserted into an opening of the
external substrate.

14. The semiconductor device according to claim 7,
wherein the dummy terminal comprises any one of a plate
spring and a disc spring outside the mold resin.

15. The semiconductor device according to claim 7,
wherein a shape of a portion of any one of the dummy
terminal, the main terminal, and the signal terminal which is
outside the mold resin is a shape of a radiator fin.

16. The semiconductor device according to claim 7,
wherein a bush is formed on a portion of the dummy
terminal.
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17. The semiconductor device according to claim 7,
wherein the dummy terminals include a first dummy termi-
nal and a second dummy terminal having a larger width than
the first dummy terminal.
18. The semiconductor device according to claim 7,
wherein any one of the main terminal, the signal terminal,
and the dummy terminal is exposed to an outside from any
one of a top surface and a bottom surface of the mold resin.
19. The semiconductor device according to claim 6,
wherein a width of a portion of the main terminal in which
the opening is formed is larger than a width of a portion
thereof in which the opening is not formed.
20. The semiconductor device according to claim 6,
wherein
the substrate is formed of a conductive material, and
the substrate comprises an additional main terminal
exposed to an outside from a side surface of the mold
resin and a body portion connected to the additional
main terminal, the body portion having the semicon-
ductor element fixed thereto.
21. The semiconductor device according to claim 6,
wherein
the main terminals include a first terminal connected to a
front surface electrode of the semiconductor element
and a second terminal electrically connected to a back
surface electrode of the semiconductor element, and

the semiconductor device further comprising a capacitor
connecting the first terminal and the second terminal
outside the mold resin.

22. The semiconductor device according to claim 6,
wherein the mold resin comprises an installation through-
hole.

23. The semiconductor device manufacturing method
according to claim 2, wherein a width of a portion of the
main terminal in which the opening is formed is larger than
a width of a portion thereof in which the opening is not
formed.

24. The semiconductor device manufacturing method
according to claim 2, wherein

the substrate is formed of a conductive material,

the substrate comprises an additional main terminal and a

body portion connected to the additional main terminal,
the body portion having the semiconductor element
fixed thereto,

in the mounting step, the additional main terminal fills at

least one of inter-block spaces formed by the plurality
of blocks, and

the additional main terminal is exposed to an outside from

a side surface of the mold resin.

25. The semiconductor device manufacturing method
according to claim 2, further comprising, after the molding
step, cutting off step of cutting the frame portion off from the
signal terminal, the main terminal, and the dummy terminal.

26. The semiconductor device manufacturing method
according to claim 25, further comprising, after the cutting-
off step, fixing step of fixing the dummy terminal to an
external substrate.

27. The semiconductor device manufacturing method
according to claim 26, wherein in the fixing step, the dummy
terminal passes through the external substrate to be fixed to
the external substrate.

28. The semiconductor device manufacturing method
according to claim 26, wherein

the dummy terminal comprises a plate-shaped portion

outside the mold resin, and

in the fixing step, the plate-shaped portion is fixed to the

external substrate.
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29. The semiconductor device manufacturing method
according to claim 26, wherein
the dummy terminal comprises a press-fit terminal, and
in the fixing step, the press-fit terminal is inserted into an
opening of the external substrate.
30. The semiconductor device manufacturing method
according to claim 25, wherein
the dummy terminal comprises a plate-shaped portion
outside the mold resin,
the semiconductor device manufacturing method further
comprising, after the cutting-off step, the step of bend-
ing the plate-shaped portion to form the plate-shaped
portion into any one of a plate spring and a disc spring.

#* #* #* #* #*

10

18



